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Skeletal Muscle Mass to Visceral Fat Area Ratio is an 
Important Determinant Affecting Hepatic Conditions of 
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BMI ˱  body mass index ˰ &ěæû 
EMCL ˱  extramyocellular lipids ˰ ɝěƎƝǁǄƾ 
IMCL ˱  intramyocellular lipids ˰ ɝěƎƝǁ@Ǆƾ 
SFV ˱ somatic fat volume ˰ &ǄƾȰ 
SMM ˱ skeletal muscle mass ˰ ɝěƎȰ 
VAT ˱ visceral adipose tissue ˰ @ǐǄƾƟƬ 
VFA ˱ visceral fat area ˰ @ǐǄƾýɊƅ 
 
]ew
CAP ˱ controlled attenuation parameter ˰ ƻǄƾT¹ 
CEUS ˱ contrast-enhanced ultrasonography ˰ ȝÁȊɌĹ 
IHL ˱ intrahepatic lipid ˰ ƻ@Ǆƾ 
LS ˱ liver stiffness ˰ ƻŹ¹ 
 
Ow
GS ˱ grip strength ˰ ñM 
KES ˱ knee extension strength ˰ Ǐ"«ƎM 
 
C"w
DM Ã diabetes mellitus ˰ɡƗªŢ 
IR ˱ insulin resistance ˰ ʨˣʷ˟ˣáàÍ 
NAFLD ˱ non-alcoholic fatty liver disease ˰ ɉʦˠʳ˦ˠÍǄƾÍƻšÎ 


NASH ˱ non-alcoholic steatohepatitis ˰ ɉʦˠʳ˦ˠÍǄƾƻŊ 

@53w
ALB ˱ɡ albumin Â ʦˠˑ˙ˣ 
ALT ˱ alanine aminotransferase ˰ ʦ˞ˇˣʦ˙ˉȑƂȬƜ 
AMPK ˱ AMP-activated protein kinase ˰ AMPĻÍT˒ˢ˂ʨˣʯˆ˦ʺ 
AST ˱ aspartate transaminase ˰ ʦʷˌ˞ʰˣȭʦ˙ˉȑƂȬƜ 
FBS ˱ fasting blood sugar ˰ ƇǌąǝƗ 
FFAs ˱ free fatty acids ˰ ȡɆǄƾȭ 
FGF21 ˱ fibroblast growth factor 21 ˰ ƩƧǗƝǁĬz 21 
HA ˱ hyaluronic acid ˰ ˍʦˠˢˣȭ 
HbA1c ˱ hemoglobin a1c ˰ ˓˜ʲˢˎˣa1c 
HDL-C ˱ high-density lipoprotein-cholesterol ˰ ɟįȯ˟˗ʽˣˌʱ 
HOMA-IR ˱ homeostasis model assessment-insulin resistance : ʨˣʷ˟ˣáàÍæû 
hs-CRP ˱ high sensitive c-reactive protein ˰ ɟÓ¹C_ËÍʽˣˌʱ 
IL-6 T interleukin-6 S479456 
IRI ˱ immunoreactive insulin ˱ insulin ˰ ʨˣʷ˟ˣ 
LDL-C ˱ low-density lipoprotein-cholesterol ˰ %įȯ˟˗ʽˣˌʱ 
LPS ˱ lipopolysaccharide ˰ ǘ&@ĮƜ 
MSTN ˱ myostatin ˰ ˙ʬʷʽʿˣ 
NF-kappaB˩NF-κB˪  ˱ nuclear factor-kappa B ˰ Ě@zκB 
IKKα ˱ IκB Kinase α ˰ IκBʯˆ˦ʺ 
Sep ˱ selenoprotein-P ˰ ʹˡˉ˒ˢ˂ʨˣP 
TBARS ˱ thiobarbituric acid reactive substances ˰ ʿʬˋˠˎˁ˦ˠȭ_ËÍőȇ 
T-CHO ˱ total cholesterol ˰ ƨʳˡʷ˂ˢ˦ˠ 


TG ˱ triglyceride ˰ 	ÍǄƾ 
TNF-α ˱ tumor necrosis factor-alpha ˰ ǉťīzʦˠːʥ 
γ-GT ˱ɡ γ-glutamyltransferaseɡ ˰ɡ ɥɢʲˠʽ˙ˣȭȑƂȬƜɡ
VLDL ˱ɡ very low-density lipoproteinɡ ˰ɡ Ȋ%įȯ˟˗ʽˣˌʱ 
WFA-M2BP ˱ wisteria floribunda agglutinin-mac-2 binding protein ˰ mac2ơiǜŪƗȴ2ɚşÍ& 

Vnl1
B ˱ɡ unstndardized coefficients Â ɉĢŅT.û 
β ˱ɡ stndardized coefficients Â ĢŅT.û 
Cl ˱ɡ confidence interval Â 95˧1ɓUȸɡ
OR ˱ɡ odds ratio Â ʬˀʸįɡ
SD  ˱ standard deviation ˰ ĢŅ7¯ 

























































































ɡ ďŷƆʊʐˬ&ƟÙş²˩ɝěƎʏŁ¨ʋ@ǐǄƾʏN˪ʏæĢʊɰʠskeletal muscle mass to vi


































ɡ NAFLDʎɴɺʠŢÔŘŗŬǩzʎȹʀʠ&ƟÙʏÁɍʣǷ+ʀʠʄʚˬskeletal muscle mass to
 visceral fat area ratio˩SV-ratio˪ʣřɱʄˮ<ǞŷƆʣʐɿʚˬʴˠʳ˕ˇʦƽńʏæĢʋɾʉʛř
ɽʡʉɱʠɼʋʝʟ˩7˪ˬSV-ratioʣ&ƟÙş²ʏæĢʋɾʉřɱˬSV-ratioʝʟˬ>¤ȃƴʣƌ1xC$
˩ˬ1st Quartile˰Q1˪ 118k˩µɠ˰59ĩ˪ˬƌ2xC$˩ˬ2nd Quartile˰Q2˪ 118k˩µɠ˰53

















|1ˮɡ ˃ʶʽˠȐȶǱ˩KDS˪  
 












mass˰SMM˪ˬ@ǐǄƾýɊƅ˩visceral fat area˰VFA˪ʐˬŘ&ɇİʨˣˏ˦ʾˣʷķ˩bio-electrical i
mpedance analysis˰BIA˪ʎʝʟ¦ɷBɾʄˮBMI kg/m2ʐˬ&ȯ˩kg˪ʣȐȶ˩m˪ʏʊȿʀʠɼʋʎʝ













5ʣřɱˬskeletal muscle mass to visceral fat area ratio = SV-ratioʣƐBɾˬ&ƟÙş²ʏæĢʋɾʄ
˩7˪ˮƐBķʎȹɾʉʐˬSV-ratio = SMM˩g˪ ÷ VFA˩cm2˪ ʊɰʠˮ 
 
ƐBɽʡʄSV-ratio5ʎʝʟ¤ȃƴ472kʣ1st Quartile˰Q1 118k˩µɠ˰59ĩ˪ˬ2nd Quartile˰Q2 118
k˩µɠ˰53ĩ˪ˬ3rd Quartile˰Q3 118k˩µɠ˰49ĩ˪ˬ4th Quartile˰Q4 118k˩µɠ˰32ĩ˪ʏ4ưʎC
ɗɾʄˮ 
hưʏSV-ratioʏ´5ʐǴʏțʟʊɰʠˮ 
1st Quartile ˰ ´ɡ 156.4 g/cm2ˬ2nd Quartile ˰ ´ɡ 217.4 g/cm2ˬ3rd Quartile ˰ ´ɡ 289.3 g/


cm2ˬ4th Quartile ˰ ´ɡ 669.6 g/cm2ʊɰʠˮ 

¶ u	aB&!b^gJ<




























|4ˮɡ Ǐ"«ƎMłǤƮ˩˙˝˦ʽʷF-1˪  
 
 MR¥¬£¨±¥¤ª´µ1H-magnetic resonance spectroscopy : MRS¶
ɡ MRSʏłʎɴɱʉˬłĤvʐˬƏĹȼ¬ŢȾù¥ƩȩʎǵƮɽʡʉɱʠ3-Tesla MRǤƮ˱
˩|5˪˩Achieva; Philips Medical Systems, Best, the Netherlands˪ʣ)řɾʄˮRFʳʨˠʎʐˬTorsoʳʨˠ
		

ʣřɱʄˮȹÉɐ˩volume of interest: VOI˪ʐsingle voxelʋɾˬ˃˦ʽʐpoint-resolved spectroscopy
˩PRESS˪ķʎʉ`ÅɾʄˮMRSʏ˃˦ʽłĐʣǡ1ʎŻʀˮ˃˦ʽʏǮĔʎʐˬLC model 





|5ˮɡ 3-Tesla MRǤƮ  





  MRSµ]e¶  MRSµc¶  
Repetition timeµms¶  5000 3000 
Echo timeµms¶  35 40 
Band widthµHz¶ 2000 2000 
Sampling 1024 1024 
Volume of interestµVOI¶sizeµmm¶  20ɣ20ɣ20 15ɣ15ɣ35 
Scan time 10 sec˩Breath hold˪  5 min 45sec 




























ɡ LSɴʝʓƻǄƾT¹˩controlled attenuation parameter˰CAP˪ʏʷʳʦ˟ˣʲʎȹɾʉʐˬ<ǞŷƆʣ
]ƳʎˬF0˩4 kPa˪˱Ĩ²ƻˬF1˩7 kPa˪˱Ȓ¹ƩƧTˬF2˩12 kPa˪˱	ƍ¹ƩƧTˬF3˩21 kPa˪˱ɟ¹
ƩƧTʋǵɾʄ˩44˪ˮʗʄˬS0˩ ɪ 205 dB/m˪˱Ĩ²ƻˬS1˩ ɪ 237.5 dB/m˪˱Ȓ¹ƻǄƾTˬS2
	







|6ˮɡ ƻʫ˞ʷ˄ʲ˞ːʧ˦˩FibroScan®502˪  
 














ɡ ƻƩƧT˘˦ʭ˦ʏmac2ơiǜŪƗȴ2ɚşÍ&˩wisteria floribunda agglutinin-mac-2 binding 
protein˰WFA-M2BP˪˩SysmexżJapan˪ˬʦ˗˄˦ʵʷ˘˦ʭ˦M30˩R˨DżUSA˪ʐEnzyme-Linked 
Immuno Sorbent Assay˩ELISA˪ķʊłɾʄˮType  collagenˬˍʦˠˢˣȭ˩hyaluronic acid˰HA˪ʣ
ę»żĳĒÇŷŢŗŷƆÜʎǳɾʉłɾʄˮʗʄˬƻƩƧTȠǞʣǱʠŅʋɾʉʐˬƻŘĞ
ʜǝľĞė˩ALTˬAST5ʏł˪ʎˬFib-4 index˩46˪ʜNAFLD fibrosis score˩47˪ʋɱɲǱƐ»ʣ
řɱʄƻƩƧTʏæĢɶɰʠˮFib-4 indexʏƐBķʋɾʉʐˬµɠˬAST5ˬǝ§ēûˬALT5ʣ=
ɾʄʏǱƐ»ɶřɱʞʡʠɮµɠ × AST/ǝ§ēû × ɩALTɯˮƩƧTʏłʋɾʉʐˬɫ 1.30ʊ
Ó¹74%ˬŒş¹71%ˬɫ 2.67ʊÓ¹33%ˬŒş¹98%ʊȯ¹ʏƩƧTʣłʀʠɼʋɶʊɷʠ˩21˪ˮ
NAFLD fibrosis scoreʏƐBķʋɾʉʐˬµɠˬBMIˬƵƗǃɄ or DMʏċŌˬAST5ˬALT5ˬǝ
§ēûˬALB5ʣ=ɾʄʏǱƐ»ɶřɱʞʡʠ ɮ-1.675 ˫ 0.037 × µɠ × 0.094 × BMI + 
1.13 × ƵƗǃɄ or DM *ʏċŌ + 0.99 × AST/ALT ˭ 0.013 × ǝ§ēû ˭0.66 × ALBɯ*ƵƗ
















ɡ ʿʬˋˠˎˁ˦ˠȭ_ËÍőȇ˩thiobarbituric acid reactive substances˰TBARS˪˩CaymanżUSA˪ʐ
ELISAķʊłɾʄˮʗʄˬǋ@ƝǘCʏǘ&@ĮƜ˩ lipopolysaccharide ˰LPS ˪ ˩Limulus 
amoebocyte lysate assay kit [Associates of Cape Cod, MA]˪ʐELISAķʊłɾʄˮːʪ˟ʿˣ˩ferritin˪ˬ





6˰IL-6˪ˬǉťīz-α˩tumor necrosis factor-alpha˰TNF-α˪˩R˨DżUSA˪ʐELISAķʊłɾʄˮ 
 
¶ «©¨¢ ²<
 ːʪʿ˝ʨˣA˩FetuinA˪˩BioVendor Laboratory Medicine, Modreci, Czech Republic˪ˬʹˡˉ˒ˢ˂ʨ
ˣP˩selenoprotein P˰Sep˪˩Cusabio biotech, Wuhan, China˪ˬƩƧǗƝǁĬz21˩Fibroblast growth 
factor 21˰FGF21˪˩R˨DżUSA˪ʐELISAķʊłɾʄˮ 

¶ ® ¡¢ ²<  

















|7-1ˮɡ ǌȩȊɌĹǤƮ˩Aplio 400˪  
 





ǮĔ¤ȃʋɾʄˮDyǮĔąʏSV-ratioʏǬŋʝʟˬ1st Quartile˰Q1 20k˩śÍ˰2kˬÍ˰18k˪ˬ2nd 
Quartile˰Q2 22k˩śÍ˰8kˬÍ˰14k˪ˬ3rd Quartile˰Q3 6k˩śÍ˰4kˬÍ˰2k˪ʎCɗɾǮĔʣ
Ǟʇʄˮ 
ɡ ǮĔɎůʐˬ&ƟÙ˃˦ʽʊɰʠSV-ratioˬǝľŘT˃˦ʽʊɰʠʦˠˑ˙ˣ˩albuminÂALB˪ˬǝ§
ēˬType  collagenˬˍʦˠˢˣȭ˩hyaluronic acid˰HA˪ˬƻƩƧTæûʊɰʠNAFLD fibrosis scoreʋ













M » P Vnl1
ɡ ƣǱAŗʎʐƣǱǮĔʻː˄ɮSPSS Statistics 23.0ɯ˩SPSSżUSA˪ʣřɱʄˮ¤ȃƴʏhł5ʐ>
ʉ´5 ± ĢŅ7¯˩mean ± SD˪ʊŻɾʄˮSV-ratioʎȹʀʠ­TâBķ˩stratification analysis˪ʏx









HOMA-IRʣ?Ȱʋɾʄˢʶʷ˂ʧˀʱy±CĔʎʝʟˬʬˀʸį  ˩Odds ratio˪ʋ95%1ɓUȸ
˩confidence interval˪ʣƐBɾʄˮɽʞʎˬǒ¸=˃˦ʽʎȹɾʉʐˬʩʧˠʳʱʻˣʏƋgɏ$Ğ









ɡ NAFLDʏLiʐˬQ1ư 95.8%ˬQ2ư 91.5%ˬQ3ư 73.7%ˬQ4ư 24.6%ʊɰʟˬSV-ratio Q1ưʐˬ
Q2ˬQ3ˬQ4ưʋįȓɾˬċÒʎɟŕʊɰʇʄ˩P < 0.01˪˩|8-A˪ˮBMI 30ʏLiʐˬQ1ư 41.5%ˬ
Q2ư 26.3%ˬQ3ư 11.9%ˬQ4ư 1.7%ʊɰʟˬSV-ratio Q1ưʐˬQ2ˬQ3ˬQ4ưʋįȓɾˬċÒʎɟŕ
ʊɰʇʄ˩P < 0.01˪˩|8-B˪ˮƗªŢʏLiʐˬQ1ư 55.9%ˬQ2ư 34.2%ˬQ3ư 17.8%ˬQ4ư 6.8%
ʊɰʟˬSV-ratio Q1ưʐˬQ2ˬQ3ˬQ4ưʋįȓɾˬċÒʎɟŕʊɰʇʄ˩P < 0.01˪˩|8-C˪ˮǄȇş²ţ
ʏLiʐˬQ1ư 65.3%ˬQ2ư 66.9%ˬQ3ư 50.0%ˬQ4ư 24.6%ʊɰʟˬSV-ratio Q1ưʐˬQ3ˬQ4ư
ʋįȓɾˬċÒʎɟŕʊɰʇʄ˩P < 0.01˪˩|8-D˪ˮɟǝʏLiʐˬQ1ư 38.1%ˬQ2ư 28.0%ˬQ3





























































































Q1 Q2 Q3 Q4 
30.0 < BMI 
25.0 < BMI < 30.0 













Q4ưʋįȓɾˬċÒʎ%5ʣŻɾʄ˩P < 0.01˪˩|9-B˪ˮ 
 
 
|9ˮɡ ƎM˩ñM˥Ǐ"«ƎM˪ʏǷ+  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠ˩A˪ ñM˩GS˪ˬ˩B˪ Ǐ"«ƎM˩KES˪ʏįȓˬ















































**P < 0.01 




ɡ IMCLʎȹɾʉˬSV-ratio Q1ưʐQ3ưˬQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 0.01˪˩|10-A˪ˮʗʄˬ
EMCLʎȹɾʉˬSV-ratio Q1ưʐQ2ưˬQ3ưˬQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 0.01˪˩|10-




|10ˮɡ ɝěƎǄƾǚƅ˩ɝěƎƝǁ@Ǆƾ˥ɝěƎƝǁǄƾ˪ˬƻ@Ǆƾ  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠ˩A˪ ɝěƎƝǁ@Ǆƾ˩IMCL˪ˬ˩B˪ ɝěƎƝǁ























































































ɡ MRSʎʝʠƻʏǄƾTʊɰʠIHLʋɝěƎǄƾǚƅ˩IMCLˬEMCL˪ʏȹȞÍʎɴɱʉˬIMCL˩r = 




|11.ɡ  ƻʏǄƾTʋɝěƎǄƾǚƅʏȹȞÍ  
˩A˪ ɝěƎƝǁ@Ǆƾ˩IMCL˪ʋƻ@Ǆƾ˩IHL˪ʏűȹ|ˬ˩B˪ ɝěƎƝǁǄƾ˩EMCL˪ʋƻ@
Ǆƾ˩IHL˪ʏűȹ|ˬmean ± SD 
 




SV-ratio Q1ưʐSV-ratio Q2ˬQ3ˬQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 0.01˪˩|12-A˪ˮʗʄˬLS5 
12 kPaʏÎƴʏLiʐˬQ1ưʊ20.3 %ˬQ2ưʊ12.7 %ˬQ3ưʊ5.1 %ˬQ4ưʊ1.7 %ʊɰʟˬQ1ư
ʎɴɱʉċÒʎPŕʊɰʇʄ˩|12-B˪ˮCAP5 260 dB/mʏÎƴʏLiʐˬQ1ưʊ66.7 %ˬQ2ư
ʊ63.1 %ˬQ3ưʊ46.1 %ˬQ4ưʊ12.9 %˩|12-C˪ˬNɳʉˬȊɌĹĞėʎɴɺʠsteatosis grade 2˥3ʏ
ÎƴʏLiʛˬQ1ưʊ72.1 %ˬQ2ưʊ66.9 %ˬQ3ưʊ55.0 %ˬQ4ưʊ17.8 %ʊɰʟˬɱʁʡʛQ1ưʎ













0 2 4 6 8 10 12 14 16 













0 5 10 15 20 25 30 35 40 
r = 0.214 
P < 0.001









|12ˮɡ ƻŹ¹˩LS5˪ɴʝʓƻǄƾT¹˩CAP5˪ʏǷ+  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠµA¶ ƻŹ¹µLS5¶ʋƻǄƾT¹µCAP5¶ˬµB¶ ƻ
Ź¹µLS¶ 12 kPaʏÎƴʏLiˬµC¶ɡ ƻǄƾT¹µCAP¶ 260 dB/mʏÎƴʏLiˬµD¶ Ȋ






















































Q1 Q2 Q3 Q4 
260  CAP 































Q1 Q2 Q3 Q4 
12.0 < LS 
8.0 < LS < 12.0 
LS < 8.0 
BLS










M  P ]7ao

¶ ]7awG
ɡ ASTˬALTʎȹɾʉˬSV-ratio Q1ưʐQ3ưˬQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 0.01˪˩|13-
A,B˪ˮγ-GTʎȹɾʉʐˬSV-ratio Q1ưʐˬQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 0.01˪˩|13-C˪ˮ  
 
 
|13ˮɡ ƻĤǃȹȞɎů  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠ˩A˪ ʦʷˌ˞ʰˣȭʦ˙ˉȑƂȬƜ˩AST˪ˬ˩B˪ 






































































**P < 0.01 






ɡ NAFLD fibrosis scoreʐˬSV-ratio Q1ưʐQ2ưˬQ3ưˬQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 0.01˪
˩|14-A˪ˮʗʄˬWFA-M2BPˬM30ʐSV-ratio Q1ưʐQ3ưˬQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 




|14ˮɡ ƻƩƧT˘˦ʭ˦  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠµA¶ ƻƩƧTæû NAFLD fibrosis score·µB¶ ƻ
ƩƧTæûɡ Fib-4 index·µC¶ ƻƩƧT˘˦ʭ˦ WFA-M2BP·µD¶ ʦ˗˄˦ʵʷ˘˦ʭ˦ɡM30ʏį


































































**P < 0.01 

















































Q1 Q2 Q3 Q4 
150 < intensity 
100 < intensity < 150 








**P < 0.01 














Òʎɟ5ʣŻɾʄ˩P < 0.05˪˩|16-A,B,C,D˪ˮ 
 
 
|16ˮɡ ƗȂȹȞɎů  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠ˩A˪ ƇǌąǝƗ˩FBS˪ˬ˩B˪ insulin˩IRI˪ˬ 














































































**P < 0.01 





ɡ HDL-CʎȹɾʉˬSV-ratio Q1ưʐQ3ưˬQ4ưʋįȓɾˬċÒʎ%5ʣŻɾʄ˩P < 0.01˪˩|17-A˪ˮʗ




|17ˮɡ ǄȇȂȹȞɎů  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠµA¶ HDLʳˡʷ˂ˢ˦ˠµHDL-C¶ˬµB¶ LDLʳˡʷ







**P < 0.01 
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|18ˮɡ Ŋţ˥ȭTʷ˄ˡʷʏǷ+  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠ˩A˪ ːʪ˟ʿˣ˩Ferritin˪ˬ˩B˪ ɟÓ¹C_ËÍʽˣ













































































**P < 0.01 
*	P < 0.05 
	

M  P §­¢ ²o

ɡ LeptinˬIL-6ʐˬSV-ratio Q1ưʐQ2ưˬQ3ưˬQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 0.05˪˩|19-




|19ˮɡ ʦ˃ʧ˗ʭʨˣʏǷ+  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠ˩A˪ɡ ˡ˒ʿˣ˩Leptin˪ˬ˩B˪ ʨˣʽ˦ˢʨʯˣ-6˩IL-






























































Q1 Q2 Q3 Q4 
NS
**P < 0.01 
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|20ˮɡ ˓ˌ˄ʭʨˣʏǷ+  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠ˩A˪ ːʪʿ˝ʨˣA˩FetuinA˪ˬ˩B˪ ƩƧǗƝǁ
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**P < 0.01 
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ǡ2ˮɡ ƻǄƾT¹˩CAP5˪ʋNAFLDŢÔȹȞzʏȹȞÍ  
 
 	 Multivariate analysis 
Parameter B Std. Error Beta P value 
CAP measurement 
SFV, kg 2.33 0.35 0.43 < 0.001 
SV-ratio -0.04 0.02 -0.12 0.035 
Kupffer signal, intensity -0.38 0.09 -0.25 < 0.001 
Adiponectin, ng·L-1 -2.85 1.06 -0.14 0.008 
TG, mg·dL-1 0.12 0.04 0.17 0.001 
Abbreviations: CAP, controlled attenuation parameter; Kupffer signal, Kupffer phase signal 
intensity in contrast enhanced ultrasonography; SFV, somatic fat volume; SV-ratio, skeletal muscle 




¶ SV-ratioN]b^gJ¯¥£µi3¶  
ɡ NAFLDÎƴʣ¤ȃʎˬSV-ratioʏxC$Ɂƛʎʝʟˬ	ƍ¹ʏƻǄƾǚƅʏæĢʊɰʠʭˀ˄ʬː5
˩260 dB/m˪ʣȊɳʠţ*ʎȹɾʉˢʶʷ˂ʧˀʱy±CĔʣǞʇʄˮʃʏơĕˬSV-ratio Q4ưʏ˟ʷʱʣ




ǡ3ˮɡ SV-ratioʏ%ɶ^ʖʀ	ƍ¹ƻǄƾǚƅʎ¤ʀʠ˟ʷʱʏĞǲ  
 
 Quartiles of SV-ratio 
 	 4th Quartile  3rd Quartile  2nd Quartile  1st Quartile  P for trend 
Moderate to severe steatosis 
Unadjusted 1 1.37 µ0.57 – 3.29¶  1.81 µ0.76 – 4.31¶  1.89 µ0.78 – 4.54¶  0.119 
Model 1 1 2.02 µ0.80 – 5.11¶  3.28 µ1.26 – 8.51¶  4.63 µ1.66 – 12.9¶  0.002 
Model 2 1 2.01 µ0.79 – 5.08¶  3.57 µ1.35 – 9.46¶  5.68 µ1.84 – 17.5¶  0.002 
Model 3 1 1.74 µ0.68 – 4.41¶  3.17 µ1.18 – 8.47¶  4.33 µ1.36 – 13.8¶  0.007 
All 337 subjects (197 men and 140 women) with NAFLD were divided appropriately into the SV-ratio quartiles. 
Model 1: adjusted for age. 
Model 2: adjusted for age and gender. 







Type ɨ collagenˬHOMA-IRɶâBɽʡʄˮ 
 
ǡ4ˮɡ ƻŹ¹˩LS5˪ʋNAFLDʏŢÔȹȞzʋʏȹȞÍ  
 
  
 	 Multivariate analysis 
Parameter B Std. Error Beta P value 
LS measurement 
	 	 	 	
SFV, kg 0.3 0.04 0.54 < 0.001 
SV-ratio 0.02 0.01 0.18 0.002 
Leptin, pg·mL-1 -0.13 0.04 -0.19 0.004 
HA, ng·mL-1 0.05 0.01 0.49 < 0.001 
Type   collagen, ng·mL-1 0.04 0.01 0.23 < 0.001 
HOMA-IR 0.44 0.14 0.19 0.002 
Abbreviations: HA, hyaluronic acid; HOMA-IR, homeostasis model assessment-insulin resistance; 











ǡ5ˮɡ SV-ratioʏ%ɶ^ʖʀƻƩƧTȠǞʎ¤ʀʠ˟ʷʱʏĞǲ  
 
Quartiles of SV-ratio 
 	 4th Quartile  3rd Quartile  2nd Quartile  1st Quartile  P for trend 
Advanced fibrosis 
Unadjusted 1 1.00 µ0.19 - 5.25¶  2.18 µ0.47 - 10.1¶  3.64 µ0.81 - 16.4¶  0.003 
Model 1 1 1.30 µ0.24 - 6.98¶  3.11 µ0.65 - 14.8¶  6.47 µ1.34 – 31.1¶   < 0.001 
Model 2 1 1.28 µ0.24 - 6.88¶  3.56 µ0.74 - 17.2¶  9.39 µ1.81 – 48.7¶   < 0.001 
Model 3 1 1.11 µ0.20 – 6.09¶  3.23 µ0.67 - 15.7¶  7.83 µ1.46 – 41.9¶  0.001 
All 337 subjects (197 men and 140 women) with NAFLD were divided appropriately into the SV-ratio quartiles. 
Model 1: adjusted for age. 
Model 2: adjusted for age and gender. 





M  P SV-ratiofTz 
 ĵŧ=ʣɾʉɱʍɱNAFLDÎƴʎɴɱʉˬ25µʏƠȣǬ¢ɶdǃʊɰʇʄÎƴ48kʎȹɾʉˬ
SV-ratioˬƻƩƧT˘˦ʭ˦ˬƻŹ¹ɴʝʓƻǄƾT¹ʏįȓơĕʣǡ6ʎŻʀˮ 
ɡ ǮĔ¤ȃ>&ʊʐˬSV-ratio˩Baseline; 195.7ˬAfter; 185.0˪ʏċÒʍ%ʋLS5˩Baseline; 7.4 kPaˬ
After 8.6 kPa˪ʏċÒʍNɶǬ¢ɽʡʄˮƻƩƧT˘˦ʭ˦ɴʝʓƻǄƾT¹ʎʐTʣǺʚʍɵ
ʇʄˮ 









Values are presented as the means ± SE. Abbreviations: ALB, albumin; CAP, controlled attenuation parameter; HA, hyaluronic acid; LS, liver stiffness; NAFLD, nonalcoholic fatty liver disease; SV-
ratio, skeletal muscle mass to visceral fat area ratio. 
Change Change Change Change
 SV-ratiog/cm2 195.7 ± 6.9 185.0 ± 6.6 -10.7** 152.1 ± 6.1 148.1 ± 6.7 -4.0 213.5 ± 4.2 199.5 ± 5.7 -14.0** 275.7 ± 7.5 255.4 ± 11.2 -20.3
 ALB, g/dL 4.3 ± 0.0 4.3 ± 0.0 0.0 4.3 ± 0.1 4.3 ± 0.1 0.0 4.3 ± 0.1 4.3 ± 0.1 0.0 4.4 ± 0.1 4.4 ± 0.1 0.0
 Platelet, ×109/L 217.2 ± 7.9 224.5 ± 9.3 7.3 221.2 ± 11.7 233.4 ± 14.1 12.2 211.8 ± 13.1 211.3 ± 14.5 -0.5 224.5 ± 15.3 244.5 ± 23.4 20.0
 HA, ng/mL 54.5 ± 6.6 57.7 ± 7.5 3.2 59.0 ± 7.5 57.2 ± 8.4 -1.9 60.4 ± 12.7 67.5 ± 14.6 7.1 20.0 ± 1.8 27.2 ± 6.2 7.2
 Type  collagen, ng/mL 143.7 ± 6.4 146.5 ± 5.1 2.8 149.6 ± 7.3 151.9 ± 8.0 2.3 146.7 ± 12 147.4 ± 8.2 0.7 114.8 ± 5.6 126.7 ± 6.4 11.8
 NAFLD fibrosis score -1.0 ± 0.2 -1.0 ± 0.2 0.0 -0.9 ± 0.3 -0.9 ± 0.3 0.0 -0.9 ± 0.2 -0.9 ± 0.3 0.1 -1.6 ± 0.4 -1.7 ± 0.4 -0.1
 Fib-4 index 1.6 ± 0.1 1.8 ± 0.2 0.1 1.6 ± 0.2 1.7 ± 0.2 0.2 1.9 ± 0.3 2.0 ± 0.3 0.1 1.0 ± 0.1 1.2 ± 0.1 0.1
 LS, kPa 7.4 ± 0.8 8.6 ± 0.8 1.2* 6.3 ± 0.6 8.5 ± 1.2 2.2** 8.3 ± 1.3 8.9 ± 1.3 0.7 8.0 ± 3.1 7.7 ± 2.0 -0.3
 CAP, dB/m 271.8 ± 5.8 282.9 ± 7.0 11.1 278.3 ± 10.2 287.2 ± 10.7 8.8 269.8 ± 7.7 282.9 ± 10.5 13.0 257.3 ± 15.5 268.5 ± 22.6 11.2
Total 1st Quartile 2nd Quartile
n = 48 n = 20 n = 22 n = 6
3rd Quartile




- ./-  - )064+1 SV-ratio064 NAFLD
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ŷ7ɏǏ ƥ@ĠøǤȌȃǈĠøǦSV-ratioǤȌȃNAFLDĞ±ȀFȅǰ¡ǃ  
 
-
Values are presented as the means ± SD. Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferas
e; CAP, controlled attenuation parameter; FBS, fasting blood sugar; FFAs, free fatty acids; γ-GT, gamma-glutamyltransfe
rase; HA, hyaluronic acid; HOMA-IR, homeostasis model assessment-insulin resistance; HDL-C, high-density lipoprotein-c
holesterol; hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; LDL-C, low-density lipoprotein-cholesterol; LS, 
liver stiffness; NAFLD, nonalcoholic fatty liver disease; SV-ratio, skeletal muscle mass to visceral fat area ratio; TBARS,
 thiobarbituric acid reactive substances; TG, triglyceride; TNF-α, tumor necrosis factor-α; VAT, visceral adipose tissue; 
WFA+-M2BP, Wisteria floribunda agglutinin-positive Mac-2 binding protein. 
Change
 Weight, kg 84.2 ± 8.1 72.5 ± 7.6 -11.6 < 0.001
 Waist circumference, cm 98.7 ± 5.5 86.4 ± 6.7 -12.2 < 0.001
 BMI, kg/m2 28.9 ± 2.3 24.9 ± 2.4 -4.0 < 0.001
 Fat-Free Mass, kg 63.5 ± 6.2 58.6 ± 5.7 -4.9 < 0.001
 VAT Area, cm2 170.3 ± 54.5 103.0 ± 49.4 -67.3 < 0.001
 SV-ratio, g/cm2 405.9 ± 116.5 745.6 ± 476.7 339.7 < 0.001
 CAP, dB/m 282.1 ± 42.9 199.6 ± 36.2 -82.5 < 0.001
 LS, kPa 6.4 ± 2.9 5.3 ± 1.6 -1.1 < 0.001
 AST, U/L 26.2 ± 12.3 19.8 ± 5.3 -6.4 < 0.001
 ALT, U/L 35.9 ± 29.6 21.4 ± 10.6 -14.4 < 0.001
 γ-GT, U/L 49.5 ± 31.6 23.3 ± 12.7 -26.2 < 0.001
 FBS, mg/dL 96.5 ± 13.1 88.2 ± 8.0 -8.3 < 0.001
 insulinIRI, µU/mL 9.9 ± 6.9 4.9 ± 3.5 -5.0 < 0.001
 HOMA-IR 2.4 ± 2.0 1.1 ± 0.9 -1.4 < 0.001
 HbA1c, % 5.3 ± 0.5 5.1 ± 0.3 -0.2 < 0.001
 HDL-C, mg/dL 49.8 ± 8.9 53.2 ± 11.3 3.4 < 0.001
 LDL-C, mg/dL 123.7 ± 29.4 111.0 ± 27.9 -12.7 < 0.001
 TG, mg/dL 170.6 ± 119.8 81.7 ± 49.9 -88.8 < 0.001
 FFAs, mEq/L 0.51 ± 0.16 0.65 ± 0.20 0.1 < 0.001
 HA, ng/mL 27.5 ± 23.9 23.3 ± 12.1 -4.2 0.069
 WFA-M2BP, C.O.I. 6.3 ± 0.3 6.0 ± 0.3 -0.3 < 0.001
 NAFLD fibrosis score 0.09 ± 0.30 -2.17 ± 1.14 -2.3 < 0.001
 Fib-4 index 1.02 ± 0.39 1.11 ± 0.47 0.1 < 0.001
 hs-CRP, mg/dL 0.84 ± 0.62 0.47 ± 0.43 -0.4 < 0.001
 Ferritin, µg/L 181.9 ± 87.2 160.0 ± 87.5 -21.9 0.001
 IL-6, pg/mL 1.5 ± 0.9 1.1 ± 0.8 -0.3 < 0.001
 Leptin, pg/mL 7.6 ± 3.8 2.9 ± 1.7 -4.7 < 0.001
 TNF-α, pg/mL 3.1 ± 2.8 2.1 ± 2.4 -1.0 < 0.001
 Adiponectin, µg/ml 5.0 ± 2.4 5.7 ± 2.5 0.6 < 0.001
 TBARS, µM/L 20.7 ± 6.8 17.6 ± 4.8 -3.1 < 0.001







Insulin resistance and lipid profiles
Markers of fibrosis



































Ǐ NAFLD ¬ŕȓƏȀɎSV-ratio ȁ[5ƸŅȀȌȎɎĻȁŘšśŰĸȁÁïǼǠȏșȪȮȘȶ
$Ɍ260 dB/mɍȓƕǣȏğȀƱǮǻɇȣȤȬȕȪȜ\5åȓŴǸǵɏǳȁŊæɎSV-ratio Q4ŒȁɄȤȜ
ȓɐǽǮǵhMɎSV-ratio Q1 ȁĨɄȤȜȂ 1.89 #ɌunadjustedɍǼǠǸǵɌŷ 3ɍɏȆǵɎNîȀɎŘŌŋ
AƣŴȁÁïǼǠȏșȪȮȘȶ$Ɍ12 kPaɍȓƕǣȏğȀƱǮǻɇȣȤȬȕȪȜ\5åȓŴǸǵɏǳȁ
ŊæɎSV-ratio Q4ŒȁɄȤȜȓɐǽǮǵhMɎSV-ratio Q1ŒȁĨɄȤȜȂ 3.64#ɌunadjustedɍǼǠǸǵ












ŨwȁȚȖȯɃȖɈǼȂɎskeletal mass indexɌSMIɍǼǠȏappendicular skeletal muscle massɌkgɍ
/heightɌm2ɍȁÁïǦĕǡȍȐǻǡȏɏȡɅȟȺȱȔȀǤǩȏșȪȮȘȶ$ɌSMI; men < 7.0 kg/m2Ɏ





















ǻǡȏɌ_ 16ɍɌ_ 18ɍɌ_ 19ɍɏIR ȂŁÒēȓƣǮļȧɈȳȜȁkȓ=ƠǮɎřļ<ȋÅ<ȁ
ȀȊƱƢǰȏɌ51,52ɍɏȡɅȟȺȱȔŚĂȀȂĈğǦƱǰȏɏšśŇşǼĔēǭȐȏĈğ«ȡȖȮș
ȖɈȂǌêļȀĕǮɎļƬȋļ<ȁĀȓȊǵȍǰLŠ«ǦǠȏɏĈğ«ȡȖȮșȖɈȁųɆȹɅǽ
ǌêļƬȀȂƐȁĨƱƱ!ǦǠȏɌ53ɍɏĎȀ IL-6 ǽǳȁLĄ« IL-6 JȀƱǮǻȂɎȡɅȟȺȱ
ȔŚĂȀǤǡǻǍ$ǼǠȏǫǽǦgRǭȐǻǡȏɌ54ɍɏIL-6ȁj=ȂǍǎŕȁļ<ǽĵ@Š<ȁɎ






















±ȀƱǮǻȂC5Ȁž×ǭȐǻǡǿǡɏâīĹȀǤǡǻɎSV-ratio $ŒȀȂǍ Leptin ųğǦƇȉȍ
ȐɎǳȁŞÛȀȂ Leptin ¼»«ȁƣǦvbǰȏȊȁǽŔǣȍȐǻǡȏɌ55ɍɏ8ȌȎ Leptin ȂŘŌ
ŋAȓ"ƣǰȏ]uǽǮǻĕǰȏǫǽǦ×ȍǥǽǭȐǻǡȏɌ58,59ɍɏLeptin ȀȌȎŌŋAǦ"ƣǭȐȏ
5uȿșȱȥȾȁǹǽǮǻȂɎLeptin ǦǇú0ĤŇşȋ Kupffer Ňşǥȍȁ TGF-β Ĕēƈȓ®Ɣ








Sonazoid Ȃ Kupffer ŇşȀƑǈǭȐȏơ¡9ǼǠȎɌ61,62ɍɎŘŨȁðŠƂÑȀĕǡȍȐǻǧǵɏơ¡
ƕǂùìçȂ NASH ȁ¿ǡǪȀßĕǼǠȏɌ63ɍɏNASH ġğȋŘŌŋȁƣȀȂţ0Ňŭ5u
ȁŭ0ôņɌlipopolysaccharide : LPSɍǦƪŻǿ¢;ȓæǵǰǦɎLPSȀǰȏē'ȁ3ĒŠ<Ȋ
ƪŻǼǠȏɏSV-ratio ȁ$ŒǼȂ Kupffer ŇşȁěčƑǈŠ<ȁɎLPS ȁj=ɎŘĬȁj­
ǦƇȉȍȐǵɏǳȁĞ±ȀȂɎKupffer ŇşȁěčƑǈŠ<ȁǽŪĊ*Ĝû«AȀȌȏĈğ«ƻ
~ȁűǦÄāǭȐȏɏLPS ȂŪĊ*Ĝ¾Ňşȁ Kupffer Ňşȁ Toll-like JȀƇƎǭȐĈğ

























lȁƃȀƱǮǻɎ¤äǥȍĕǡȍȐǻǧǵŘšśAǤȌȃŌŋAȁ prediction models ǼȂǿǨɎ




































Ǐ âīĹȁƤŴȀǠǵȎɎµ6ǿȏǬÁɊǬǁÉȓƒȒȎȆǮǵĽùowBwBĠłǏ BĠĴwǇǏ ò
ĖńÍÂȀ§ȌȎDǨ¦İĘǮǪȆǰɏȆǵɎīĹȓƤŴǰȏȀǠǵȎɎ/BĴowƕǂùȦɈȧ
ɋɊŘŝŧ0ĴǏ ǉuÍÂɎ{iĺĞƵýAZ0ĴǏ ĖÍƨƮɎĽùowBĠĴwǇǏ Į
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